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(57) An electric vehicle (10, 1 00) has left and right 
speed control levers (23L, 123L, 23R, 123R) provided 
alongside left and right grips (SOL, 130L, 30R, 130R) 
provided at the ends of left and right control handles 
(25L, 112L, 25R, 112R). The electric vehicle also has 
left and right electric motors (13L, 113L, 13R, 113R)for 
driving left and right driven wheels (15L, 11 5L, 15R, 
115R) and left and right brakes (17L, 11 7L. 17R, 117R) 
for braking the left and right driven wheels. The left brake 
and the speed of the left electric motor are controlled 
with the left speed control lever, the right brake and the 
speed of the right electric motor are controlled with the 
right speed control lever, and a driver can execute 
changes of direction and pivotturns and spot turns while 
holding the vehicle in a good attitude with the left and 
right grips. 



FIG.1 
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Description 

[0001] This inv ntlon relates to an electric v hide 
having left and right electric motors driving left and right 
driven wheels. 

[0002] "Utility nnachine" is a tenn which refers gener- 
ally to dollies used for loading and unloading; cultivators 
and tractors used in fanxjing; mowers for cutting grass; 
and snow-removers and so on. Among utility machines 
there are electric vehicles propelled by electric motors. 
An electric vehicle of this kind Is referred to in Japanese 
Patent Laid-Open Publication No.SHO-50-107619, 
"Steering Control Apparatus of Electric Dolly". This elec- 
tric dolly is shown in Fig. 27 hereof. 
[0003] In Fig. 27, left and right electric motors (not 
shown) of an electric dolly 200 drive left and right driven 
wheels 201 L, 201 R to propel the electric dolly 200 along 
a path 202. When while the electric dolly 200 Is traveling 
it deviates from the path 202 and a left side sensor 204L 
touches a left side slope 203L, the right side electric mo- 
tor reverse-rotates to change the direction of the electric 
dolly 200 so that it returns to the path 202. 
[0004] And when the electric dolly 200 deviates from 
the path 202 and a right side sensor 204R touches a 
right side slope 203R, the left side electric motor re- 
verse-rotates to change the direction of the electric dolly 
200 so that it returns to the path 202. 
[0005] However, because the electric dolly 200 starts 
to change direction only after one of the left and right 
sensors 204L, 204R has made contact with the respec- 
tive slope 203L or 203R, it deviates relatively far from 
the path 202 before changing direction. Consequently, 
the electric dolly 200 snakes as it travels. 
[0006] This snaking can be prevented by the driver 
changing the direction of the electric dolly 200 before 
either of the left and right sensors 204L, 204R touches 
the respective slope 203L or 203R. However, for the 
driver to change the direction of the electric dolly 200 
without relying on the left and right sensors 204L and 
204R, it is necessary for the driver to grip an operating 
handle 205 strongly and turn the electric dolly 200 with 
great force. 

[0007] Changing the direction of the electric dolly 200 
without relying on the left and right sensors 204L and 
204R like this puts a large burden on the driver. 
[0008] Also, when the driver changes the direction of 
the electric dolly 200 by force, the electric dolly 200 be- 
comes unsteady and difficult to keep in a good traveling 
attitude. 

[0009] To overcome this, electric vehicles having left 
and right electric motors driving left and right driven 
wh eis and left and right brakes for adjusting the speeds 
of th left and right driv n wheels have b en propos d, 
as for example in Japanese Patent Publication No. 
SHO-48-4260; "Direction and Propulsion Control Appa- 
ratus of Electric Car" . With this electric car, transit con- 
trol is possible whereby when an operating lever is 
pushed fonvard the car accelerates; when the operating 



lever is pulled backward the car is braked or reverses; 
when the operating lever is pushed to the left the right 
rear wheel accelerates but the left rear wheel is braked 
or reverses; and when the op rating lever is pushed to 

5 the right the left rear wheel accelerates but the right rear 
wheel is braked or reverses. This transit control is car- 
ried out by the operating lever being operated to directly 
alter the settings of multiple potentiometers and thereby 
control respective electric currents supplied to the left 

10 and right electric motors. 

[0010] However, In this case, the supplies of power to 
the left and right electric motors are altered in corre- 
spondence with the angle of inclination of the operating 
lever, essentially irrespective of the speed of the vehicle. 

'5 And consequently, for example with an electric dolly, al- 
though there is no problem when the speed of the dolly 
is low, if the operating lever Is operated when the speed 
is high, the dolly is liable to tum excessively due to In- 
ertial force. 

20 [0011] Another electric vehicle having left and right 
electric motors driving left and right driven wheels ap- 
pears in for example Japanese Patent Publication No. 
SHO-57-43003, "Motor Control Apparatus of Electric 
Car". In an electric vehicle having a driving motor for 

25 each of a pair of wheels, this control apparatus inputs 
speed detection signals from speed detectors provided 
on each motor to a differential amplifier, and on the basis 
of this differential output controls the speed of one of the 
motors in correspondence with speed fluctuations of the 

30 other motor. 

[0012] When the electric vehicle hits an irregularity in 
the road surface or a slope, the speed of one of the 
wheels may drop. When this happens without correc- 
tion, the electric vehicle turns to the right or the left in- 

35 stead of moving straight fonivard, which Is undesirable. 
To avoid this, with the control apparatus mentioned 
above, the speeds of the left and right wheels are 

— matchedrand consequently the electric vehicle does not- 
turn on its own as a result of the state of the road surface. 

40 [001 3] In the above-mentioned Japanese Patent Pub- 
lication No. SHO-57-43003, it is explained that when the 
operating shaft is tilted to the left or the right a speed 
difference between the left and right electric motors is 
generated and the electric vehicle turns to the left or the 

45 right. But in this case, it is difficult to distinguish whether 
the cause of a speed difference arising between the left 
and right wheels is an external one originating in the 
condition of the road surface or a human-initiated one 
(the operating shaft being operated). To make this dis- 

so tinction an electronic distinguishing circuit is needed, 
and electronic distinguishing circuits of this kind are 
complicated and costly, and even then the reliability of 
th ir distinguishing is not said to be high. 
[0014] An invention relating to a rotary snow-clearing 

55 vehicle is disclosed in Japanese Patent Laid-Open Pub- 
lication No. SHO-51 -1 3721 4, "Control M thod of Rotary 
Snow-Clearing Vehicle having Automatic Speed Control 
Apparatus" . In this control method, whteh is suitable for 
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a rotary snow-clearing vehicle which travels on rails, the 
load on an engine for clearing snow is detected with a 
sensor, and the transit speed of the rotary snow-ciearing 
vehicle is controlled on the basis of this detection signal. 
In the case of a rotary snow-clearing vehicle which sim- 
ply moves forward or backward along rails, there is no 
problem; but with a snow-clearing machine for clearing 
snow from an ordinary road, because the vehicle body 
rocks to the left and the right under the action of the road 
surface and snow, the driver must constantly control the 
vehicle to the forward direction. Consequently, with a 
snow-clearing machine for ordinary roads, the control 
method mentioned above cannot be employed. 
[001 5] It is therefore an object of the present invention 
to provide an electric vehicle with which it is possible to 
make direction adjustments and turns of the electric ve- 
hicle without putting a burden on the driver and it Is pos- 
sible to make direction adjustments and turns with the 
electric vehicle in a stable slate. 
[001 6] To achieve this object and other objects, a first 
aspect of the invention provides an electric vehicle hav- 
ing: a vehicle body; a left electric motor, mounted on the 
vehicle body, for driving a left driven wheel; a left brake, 
mounted on the vehicle body, for braking the left driven 
wheel; a right electric motor, mounted on the vehicle 
body, for driving a right driven wheel; a right brake, 
mounted on the vehicle body, for braking the right driven 
wheel; left and right control handles extending rearward 
from the vehicle body; left and right grips provided at the 
ends of the control handles; a left speed control lever, 
provided alongside the left grip, for controlling the left 
electric motor and the left brake; and a right speed con- 
trol lever, provided alongside the right grip, for control- 
ling the right electric motor and the right brake. 
[001 7] Left and right speed control levers are provided 
alongside left and right grips, and a left brake and elec- 
tric motor are controlled with the left speed control lever 
and a right brake and electric motor are controlled with 
the right speed control lever. Consequently, because a 
driver can operate the left and right speed control levers 
while holding the left and right grips, the driver can make 
direction adjustments and turns of the vehicle with the 
I ft and right speed control levers while keeping the ve- 
hicle in a good attitude with the left and right grips. Also, 
because the driver can operate the left and right speed 
control levers while holding the left and right grips, the 
driver can easily operate the left and right speed control 
levers just with the fingers, without moving either hand. 
Consequently, the driver can operate the left and right 
speed control levers with a natural operating feeling 
(with an easy action). 

[0018] An electric vehicle according to this first aspect 
of the invention also has a control unit for controlling th 
left and right electric motors. This control unit reads in 
the positions of an accelerator lev r and the left and right 
spe d control levers as an accelerator angle and a I ft 
brake angle and a right brake angle and converts the 
accelerator angle, the left brake angle and the right 



brake angle into an accelerator percentage, a left brake 
percentage and a right brake percentage and obtains a 
connected left brake percentage by adjusting the left 
brake percentage for the influence of th right brake per- 
5 centage and by correcting the accelerator percentage 
with this con^ected left brake percentage obtains a left 
motor control value and controls the left electric motor 
with this left motor control value and obtains a corrected 
right brake percentage by adjusting the right brake per- 

10 centage for the influence of the left brake percentage 
and obtains a right motor control value by con-ecting the 
accelerator percentage with this corrected right brake 
percentage and controls the right electric motor with this 
right motor control value. 

15 [0019] Normally, the electric motors are controlled di- 
rectly on the basis of the accelerator angle. However, 
with this first aspect of the Invention, control is imple- 
mented wherein for example in control of the left electric 
motor, when the left brake angle is large the left electric 

20 motor control value is lowered, and when the right brake 
angle is large this is also taken into account and the left 
motor control value is lowered further. And the same 
control is carried out for the right electric motor. As a 
result, the waste of rotating an electric motor at a high 

25 speed while applying a brake is avoided. Also, whereas 
ordinarily it sometimes happens that the vehicle shakes 
due to an unbalance between the left and right electric 
motors, according to this first aspect of the invention, 
because for example with respect to the left electric mo- 

30 tor not only the left brake angle but also the right brake 
angle is taken into account, there is no risk of this hap- 
pening, and irrespective of the state of the travel sur- 
face, speed adjustment is made easy and the vehicle 
can move smoothly 

35 [0020] This electric vehicle may be a snow-clearing 
machine having a utility tool with an auger for displacing 
snow and a blower for blowing out displaced snow. In a 
snow-clearing machine, the state of loads acting on the 
utility tool is complex. However, by controlling the orien- 

40 tatlon of the snow-clearing machine by controlling the 
left and right driving wheels in accordance with the in- 
vention, this problem can be overcome and the auger 
and blower protected and efficient snow-clearing carried 
out. 

45 [0021] A second aspect of the invention provides a 
transit control method for an electric vehicle having left 
and right electric motors for driving left and right driven 
wheels and having left and right brakes for adjusting the 
speeds of the left and right driven wheels, the method 

50 Including the steps of: substituting the positions of an 
acc lerator lever and left and right spe d control levers 
controlled by an operator as an accelerator angle, a left 
brak angi and a right brak angi ;conv riing the ac- 
celerator angle, the I ft brake angle and the right brake 

55 angle Into an accelerator p rcentage, a left brake per- 
centage and a right brak percentage; obtaining a cor- 
rected left brake percentage by adjusting the left brake 
percentage for the influence of the right brake percent- 
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age, obtaining a left nnotor control value by correcting 
the accelerator percentage with the corrected left brake 
percentage^ and controlling the left electric nnotor with 
the left nfiotor control value; and obtaining a corrected 
right brake percentage by adjusting the right brake per- 
centage for the influence of the left brake percentage, 
obtaining a right motor control value by correcting the 
accelerator percentage with the corrected right brake 
percentage, and controlling the right electric nnotor with 
the right motor control value. 

[0022] This electric vehicle may further have a utility 
tool, an engine for driving the utility tool and a clutch 
provided in a power transmission path from the engine 
to the utility tool, and in this case, preferably, the left mo- 
tor control value is obtained by multiplying a value 
reached by correcting the accelerator percentage with 
the corrected left brake percentage by a correction co- 
efficient less than one set In correspondence with a re- 
duction in the speed of the engine occurring when the 
clutch is ON, and the right motor control value is ob- 
tained by multiplying a value reached by correcting the 
accelerator percentage with the corrected right brake 
percentage by a correction coefficient less than one set 
in correspondence with a reduction in the speed of the 
engine occurring when the clutch is ON. 
[0023] When a large load acts on the utility tool, the 
speed of the engine falls sharply. When this happens, 
the outputs of the left and right electric motors are low- 
ered and the transit speed of the machine is reduced. 
That is, the speed of transit of the vehicle can be made 
to correspond to the load on the utility tool; stopping of 
transiting of the utility machine due to an excessive load 
can be prevented; and because the work being can-ied 
out by the utility tool is intermpted less often, an im- 
provement in the efficiency of that work can be 
achieved. Also, because the load acting on the utility 
part can be reduced, damage to the utility part can be 
suppressed and an increase in the life of the utility part 
can be achieved. 

[0024] In a control method according to this second 
aspect of the invention, preferably, when the left and 
right brake angles are essentially the same, the speeds 
of the left and right electric motors are read in and the 
speed of the whichever of the left and right electric mo- 
tors is at the higher speed Is controlled to the speed of 
the electric motor at the lower speed. That Is, in straight- 
forward running, only when the left and right brake an- 
gles are essentially the same, control is carried out to 
match the speeds of the left and right electric motors. 
By this means it is possible to raise the straight-forward 
characteristic of th vehlcl without being affect d by 
the path condition. And because it is th higher sp ed 
that is adjust d to match the low r spe d, wh n on of 
the driving wh els has mount d an Irregularity in the 
path surface or a slope, the speed of the vehicle is low- 
ered and stabilizing the vehicle body is made easier. 
[0025] Also, in a control method according to this sec- 
ond aspect of the invention, preferably, when the accel- 



erator percentage is written ACC%, the left brake per- 
centage is written BKL%, the right brake percentage is 
written BKR%, a coefficient of influence on whichever 
of the left and right electric motors is being considered 

5 of the brake percentage pertaining to the other electric 
motor is written p (where p<1), and the maximum value 
of the control value of each electric motor is written 
Vmax, then the corrected left brake percentage is cal- 
culated as (BKL%+pxBKR7oXACC%), the left motor 

^0 control value TG2L is calculated as Vmax x ACC% x 
{1-(BKL%+pxBKR%xACC%)}, the corrected right 
brake percentage is calculated as 
{BKR%+pxBKL%x ACC%), and the right motor control 
value TG2R is calculated as Vmax x ACC% x 

15 {1-(BKR%+pxBKL%xACC%)}. In this way, the accel- 
erator percentage ACC% is taken into account in ob- 
taining the corrected left brake percentage 
(BKL%-i-pxBKR%xACC%). By weakening the influ- 
ence of the right brake percentage BKR% on the left mo- 

20 tor control value when the accelerator percentage 
ACC%, which is linked to the vehicle speed, is small, 
and strengthening it when the accelerator percentage 
ACC% is large, a left motor control value TG2L corre- 
sponding to the vehicle speed Is set. And the same ap- 

25 plies to the right motor control value TG2R. 

[0026] Also, in a control method according to this sec- 
ond aspect of the invention, when the electric vehicle 
further has a utility tool and an engine for driving the 
utility tool and a clutch disposed in a power transmission 

30 path from the engine to the utility tool, the left and right 
electric motors are preferably controlled in accordance 
with a detected load on the engine. Specifically, for ex- 
ample, the left motor control value is obtained by multi- 
plying a value reached by correcting the accelerator per- 

35 centage with the corrected left brake percentage by a 
correction coefficient less than one set in correspond- 
ence with a reduction in the intake negative pressure of 
the engine occurring when the clutch is ON, and the right 
motor control value is obtained by multiplying a value 

"^0 reached by connecting the accelerator percentage with 
the corrected right brake percentage by a correction co- 
efficient less than one set in correspondence with a re- 
duction in the intake negative pressure of the engine oc- 
cumng when the clutch is ON. That is, when the engine 
encounters a large load, the intake negative pressure of 
the engine rises. And at this time, control is executed to 
lower the outputs of the left and right electric motors and 
reduce the transit speed of the electric vehicle. 
[0027] Certain preferred embodiments of the present 
50 invention will be described in detail below, by way of ex- 
ampl only, with r ference to the accompanying draw- 
ings, In which: 

Fig. 1 is a plan view of an electric vehicle according 
55 to a first pr ferred embodiment of the pres nt inven- 
tion; 

Fig. 2A is a vi w illustrating the op ration of an ac- 
celerator lever and an accelerator potentiometer 
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shown in Fig. 1 , and Figs. 2B and 2C are graphs 
showing the relationship between the position of the 
accelerator lever and the output voltage of the ac- 
celerator potentiometer; 

Fig. 3 is a side view of a speed control lever and a 5 
brake potentiometer as seen in the direction of the 
arrows in Fig. 1; 

Fig. 4A is a view showing a braking control range 
and a turning control range of a speed control lever, 
and Fig. 4B is a graph showing the relationship be- io 
tween the position of the speed control lever and 
the output voltage of a brake potentiometer; 
Fig. 5 is a control system diagram of the electric ve- 
hicle of the first prefenred embodiment shown in Fig. 
1; 15 
Fig. 6 a flow chart showing control executed by a 
control unit shown in Fig. 5 when turning of the elec- 
tric vehicle is candled out with a speed control lever; 
Figs. 7A through 7C are plan views illustrating the 
electric vehicle of the first preferred embodiment ex- 20 
ecuting a "spot" turn; 

Figs. 8A and 8B are plan views illustrating the elec- 
tric vehicle of the first preferred embodiment exe- 
cuting a "pivot" turn; 

Fig. 9 is a side view of an electrically-propelled 2S 
snow-clearing machine according to a second pre- 
ferred embodiment of the invention, consisting of an 
electric vehicle according to the first preferred em- 
bodiment having an engine and a utility tool driven 
by the engine; 30 
Fig. 1 0 Is a plan view of the snow-clearing machine 
shown in Fig. 9; 

Fig. 1 1 is a control system diagram of an electrically- 
propelled snow-clearer according to the second 
prefen-ed embodiment; 35 
Fig. 12A is a view con'esponding to Fig. 3 showing 
a braking range and a turning range of a speed con- 
trol lever shown in Fig. 9, and Fig. 128 is a graph 
equivalent to the graph of Fig. 48; 
Figs. 1 3A and 1 38 are graphs showing the relation- 40 
ship between the position in the braking range of a 
speed control lever shown in Fig. 48 or 1 28 and the 
output voltage of the brake potentiometer; 
Figs. 14A and 148 are flow charts showing turning 
control executed by the control unit; 45 
Fig. 15 is a control system diagram, con^espondlng 
to Fig. 5, of an electric vehicle according to a third 
preferred embodiment; 

Figs. 1 6A through 1 6C are flow charts showing con- 
trol canried out by a control unit shown in Fig. 15; so 
Fig. 1 7 is flow chart showing a variation of the con- 
trol flow shown in Fig. 168; 
Fig. 18 is a plan view of an electrically-propelled 
snow-cl arer according to a fourth prefen-ed em- 
bodiment; 55 
Figs. 19A and 1 98 are schematic views illustrating 
the working principle of a clutch shown in Fig. 18; 
Fig. 20 is a control system diagram of the snow- 



clearing machine of th fourth preferred embodi- 
ment; 

Figs. 21 A through 21 C are flowcharts showing con- 
trol carried out by a control unit shown in Fig. 20; 
Figs. 22A and 228 are graphs showing a relation- 
ship between an engine speed difference and a cor- 
rection coefficient used in detemriining left and right 
motor control values in the control flow of Fig. 21 C; 
Fig. 23 is a control system diagram showing a var- 
iation of the control system of the fourth prefen-ed 
embodiment shown in Fig. 20; 
Fig. 24 is a view con-esponding to Fig, 21 C, which 
is a flow chart showing the determination of left and 
right motor control values based on an engine in- 
take pressure difference; 

Fig. 25 is a graph showing a change of engine in- 
take pressure with respect to time; 
Fig. 26 Is a graph showing a relationship between 
an engine intake pressure difference and a correc- 
tion coefficient; and 

Fig. 27 is a front view of an electric dolly of related 
art. 

[0028] Figs. 1 through 8 show an electric vehicle ac- 
cording to a first prefen-ed embodiment of th© invention. 
In Fig. 1 , an electric dolly 10 constituting an electric ve- 
hicle has left and right electric motors 1 3L, 1 3R powered 
by a battery 1 2 housed in a vehicle frame (body) 1 1 . The 
left and right electric motors 131, 1 3R drive left and right 
drive shafts 14L, 14R. Driven wheels 15L, 15R mounted 
on the ends of the drive shafts 14L. 14R drive left and 
right crawlers 16L. 16R. The driven wheels 15L, 15R 
are braked by the operation of left and right brakes 1 71, 
17R. A load-carrying platfomi 20 is mounted on the ve- 
hicle frame 1 1 . A control panel 21 is mounted at the rear 
of the load-carrying platfomi 20. This control panel 21 
has a single accelerator lever 22. Left and right control 
handles 25L, 25R extend reanward from the control pan- 
el 21 (or the vehicle frame 11 or the load-carrying plat- 
fomi 20). 

[0029] Left and right grips 30L, 30R are provided at 
the ends of the left and right control handles 25L, 25R. 
A left speed control lever 23L for controlling the left 
brake 1 7L and the left electric motor 13L is provided ex- 
tending alongside the left grip 30L. A right speed control 
lever 23 R for controlli ng the right brake 1 7R and the right 
electric motor 13R is provided extending alongside the 
right grip 30R. 

[0030] A driver does not ride the dolly but walks be- 
hind the dolly and advances, reverses, turns and stops 
the dolly by operating th levers on the control panel 21 
(including the accelerator lever 22 and the left and right 
sp d control I vers 23L, 23R). 
[0031] The reference number 24 denotes a control 
unit, and this control unit 24 controls en bloc the electric 
motors 13L, 13R and the brakes 1 7L, 1 7R on the basis 
of the positions of the accelerator lever 22 and the left 
and right speed control levers 23L, 23R. 
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[0032] The brakes 1 7L, 1 7R may b electromagnetic 
brakes which apply a braking force through an electro- 
magnetic action; hydraulic brakes which grip a disc with 
a hydraulic pressure: mechanical brakes which clamp a 
drum with a band; regenerative brakes; or equivalent 
brakes of some other fonn or type. 
[0033] Figs. 2A through 2C illustrate the action of the 
accelerator lever 22 employed in this first preferred em- 
bodiment of the invention. 

[0034] Referring to Fig. 2A, the accelerator lever 22 
is a control lever which provides forward, reverse and 
stop control with a single lever and with which it is also 
possible to switch continuously from a low speed to a 
high speed in either forward or reverse. The position of 
this accelerator lever 22 is monitored by an accelerator 
potentiometer 26. 

[0035] Fig. 2B is a graph showing the relationship be- 
tween the position of the accelerator lever 22 and the 
output of the accelerator potentiometer 26, and shows 
that with the voltage output range of the accelerator po- 
tentiometer 26 made 0 to -i-5V, OV has been allocated to 
r verse full speed; +2.5V to neutral (stop); and +5V to 
fonvard full speed. 

[0036] Fig. 2C is a graph obtained by generalizing Fig. 
2B and processing it for the purposes of the control of 
this preferred embodiment. As in Fig. 2B, OV is allocated 
to reverse full speed (horizontal axis); Vn (vertical axis), 
which is the neutral voltage, is allocated to stop (hori- 
zontal axis); and Vmax (vertical axis), which is the max- 
imum voltage, is allocated to fonvard full speed (hori- 
zontal axis). 

[0037] When the driver sets the accelerator lever 22 

shown in Fig. 2A to the vicinity of forward full speed, 
because it is the intention of the driver to invoke fon/vard 
full speed, the control correction to be carried out in this 
prefen'ed embodiment will not be applied. In Fig. 2C,the 
region between V4 and Vmax (shown with hatching in 
the figure) on the vertical axis is made a non-control re- 
gion. 

[0038] And when the driver sets the accelerator lever 
22 shown in Fig. 2A to the vicinity of reverse full speed, 
because it is the intention of the driver to invoke reverse 
full speed, the control correction to be canied out in this 
prefen-ed embodiment will not be applied. In Fig. 2C, the 
region between 0 and V1 (hatched) on the vertical axis 
Is made a non-control region. 

[0039] And when the driver sets the accelerator lever 
22 shown in Fig. 2A to stop or very slow, again the con- 
trol correction to be carried out in this preferred embod- 
iment will not be applied. In Fig. 2C, the region between 
V2 and V3 (hatched) on the vertical axis is made a non- 
control region. 

[0040] That is, the control of this preferr d mbodi- 
ment is carried out in th r gions between V1 and V2 
and between V3 and V4 on the vertical axis in Fig. 2C. 
[0041] Fig. 3 is an enlarged view in th direction of the 
an-ow 3 in Fig. 1 , showing the left and right spe d control 
lev rs 23L, 23R. The left and right control handles 25L, 



25R have at their ends the respective left and right grips 
30L. 30R. The left and right speed control levers 23L. 
23R are provided alongside and below the respective 
grips SOL, 30R and are so mounted on the control han- 

5 dies 25L, 25R by way of left and right hinge pins 31 L, 
31 R that they can swing up and down. Amis 32L, 32R 
of brake potentiometers 27L, 27R are swung by the left 
and right speed control levers 23L, 23R. The left and 
right speed control levers 23L, 23R are urged to the po- 

10 sition shown with a solid line by compression springs 
33L, 33R. They move to a position shown with a broken 
line when gripped by the driver. 
[0042] Rgs. 4A and 48 illustrate the action of the 
brake potentiometers 27L, 27R of this first prefen-ed em- 
's bodiment. 

[0043] Fig. 4A is an enlarged view ot one of the brake 
potentiometers 27L, 27R. The amns 32L, 32R of the 
brake potentiometers 27L, 27R move over a range of 
from a position [1] through a position [2] lo a position [3]. 

20 Here, the position [1] will be called the 'no braking point' 
at the beginning of the movement range; the position [2] 
will be called the 'full braking point', part-way through 
the movement range; and the position [3] will be called 
the 'movement range end point*. 

25 [0044] In the graph of Fig. 48, the horizontal axis 
shows the pivot angle of the arm 32L or 32R of the brake 
potentiometer, I.e. the distance moved by the respective 
speed control lever, and the vertk^al axis shows the 
brake potentiometer output. In this example, 0 volts on 

30 the vertical axis is assigned to the no braking point [1 ] 
on the horizontal axis; Vm volts on the vertical axis Is 
assigned to the full braking point [2] on the horizontal 
axis; and for example 5.0 volts Is assigned to the move- 
ment range end point [3] on the horizontal axis, Vm is a 

35 voltage satisfying 0<Vm<5.0. and is set to for example 
1 .5 volts, 2.0 volts or 2.5 volts. 
[0045] As a result, the range 0 to Vm volts on the ver- 
tical axis is a braking control range, and the range Vm 
to 5.0 volts on the vertical axis is a turning control range. 

40 And in Fig. 4 A also, from position [1] (the start point of 
the movement range of the lever) to position [2) (part- 
way through the movement range of the lever) corre- 
sponds to braking control and from position [2] (part-way 
through the movement range of the lever) to position [3] 

45 (the end point of the movement range of the lever) cor- 
responds to turning control. 

[0046] Fig. 5 is a control system view of an electric 
vehicle (first prefen'ed embodiment) according to the in- 
vention. When the left speed control lever 23L Is oper- 

50 ated, on the basis of the output voltage 8KLV of the left 
brake potentiometer 27L connect d to this, a left brake 
driver 28L brake-controls the left brake 1 7L. That is, as 
wilib furth r discussed later, betw n[1]and[2]onth 
horizontal axis in Fig. 48, a level of braking is chang d 

55 proportionally in conrespond nee with the position of the 
left spe d control lever 23L, or specifically the degree 
of gripping of the 1 ft speed control lev r23L. 
[0047] Similarly, when the right speed control lever 
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23R is operated, on the basis of the output voltage 
BKRV of the right brake potentiometer 27R connected 
to this, a right brake driver 28R brake-controls the right 
brake 17R. That is, as will be further discussed later, 
between fl] and [2] on the horizontal axis in Fig. 4B, a 
level of braking is changed proportionally in con-espond- 
ence with the position of the right speed control lever 
23R, or specifically the degree of gripping of the right 
speed control lever 23R. 

[0048] The control unit 24 takes in the output voltage 
ACCV of the accelerator potentiometer 26 and the out- 
put voltages BKLV, BKRV of the left and right brake po- 
tentiometers 27L and 27R: generates a left motor con- 
trol value TG2L and a right motor control value TG2R in 
accordance with a control flow which will be further dis- 
cussed later with reference to Fig. 14 and Fig. 15, and 
controls the left and right electric motors 13L, 13R by 
way of left and right motor drivers 29L, 29R. 
[0049] Also, by gripping the left and right speed con- 
trol levers 23L, 23R deeply, it is possible to effect turning 
which differs from braking. That is, between [2] and [3] 
on the horizontal axis in Fig. 4B, turning control is inrh 
plemented without braking. The details of this will be dis- 
cussed below. 

[0050] Fig. 6 is an operation flow chart for the left and 
right speed control levers of an electric vehicle (first pre- 
ferred embodiment) according to the invention. 
[0051] Step (hereinafter, ST) 01 : First, it is determined 
whether or not the output BKLV of the left brake poten- 
tiometer 27L is greater than Vm. As shown in Fig. 4B, a 
BKLV greater than Vm is in the turning control region. If 
the determination is YES then processing proceeds to 
ST02 and if it is NO then processing proceeds to ST07. 
[0052] ST02: If the determination of ST01 Is YES. it is 
checked that the vehicle speed is zero or very low. VO 
means a very low speed such that even a sharp turn is 
possible. If the vehicle speed Is above VO, processing 
proceeds to ST03. 

[0053] ST03: The control unit perfomis speed-reduc- 
ing control and lowers the vehicle speed. This speed- 
reducing control continues until ST02 is cleared. 
[0054] ST04: Because a brake operation may have 
been earned out as part of the speed-reducing control 
in ST03, here the left and right brakes are released. 
[0055] ST05: When the two conditions of BKLV being 
greater than Vm (ST01) and the vehicle speed being 
less than VO (ST02) are satisfied, the control unit drives 
the left electrte motor backward and the right electric mo- 
tor fonward. Consequently the electric vehicle starts to 
turn sharply to the left. 

[0056] ST06: When BKLV falls to Vm or below (to 

within the braking control r gion on the vertical axis in 
Fig. 4B), turning control is interrupt d and a normal run- 
ning state is resumed. 

[0057] ST07: If the detennination in ST01 is NO, it is 
checked whether or not the right brake potentiometer 
output BKRV is greater than Vm. If YES then processing 
proceeds to ST08. and if NO then this control is discon- 



tinued. That is, because neither of the left and right 
brake potentiometer outputs BKLV and BKRV is in the 
turning control region, turning control is not executed. 
[0058] ST08: When the determination of ST07 Is YES. 
s it is checked that the vehicle speed is zero or very low. 
If the vehicle speed is equal to or greater than the very 
low speed VO, processing proceeds to ST09. 
[0059] ST09: The control unit carries out speed-re- 
ducing control to lower the vehicle speed. This speed- 
reducing control continues until ST08 is cleared. 
[0060] ST1 0: Because a brake operation may have 
been carried out as part of the speed-reducing control 
in ST09, here the left and right brakes are released. 
[0061 1 ST1 1 : When the two conditions of BKRV being 
greater than Vm (ST07) and the vehicle speed being 
less than VO (ST08) are satisfied, the control unit drives 
the left electric motor forward and the right electric motor 
backward. Consequently the electric vehicle starts to 
turn sharply to the righL 

[0062] ST1 2; When BKRV falls to Vm or below, turn- 
ing control Is Interrupted and a nomnal running state Is 
resumed. 

[0063] As the speed of the electric motors for the turn 
carried out in ST05 or ST11, either a constant value 
(fixed value) can be employed or a variable value can 
be employed. A variable value may for example be 
made a speed proportional to the position of the accel- 
erator lever 22 shown in Fig. 2A, that is, to the acceler- 
ator potentiometer output. If this Is done, during woric 
being carried out at a high speed sharp turning is effect- 
ed at a high speed and during work being carried out at 
a tow speed sharp turning is effected at a low speed, so 
that turning is effected which corresponds to the work 
mode. 

[0064] Figs. 7A through 7C are views illustrating spot 
turning (tuming in counter-rotation mode) in the present 
invention (first pref en-ed embodiment) , and show the ex- 
ample of a right spot turn. 

[0065] Refemngto Fig. 7A, when the right speed con- 
trol lever 23R is gripped strongly, the left electric motor 
13L forward-rotates and the left crawler 16L advances, 
and simultaneously the right electric motor 1 3R reverse- 
rotates and the right crawler 16R reverses. If the front- 
rear/left-right center of the left and right crawlers 16L, 
1 6R Is written as the turning center G1 and the distance 
to the left corner of the load-canying platfomi 20 is writ- 
ten R1 , then the electric dolly 1 0 starts to turn to the right 
about the tuming center G1 within aturning radius of R1 . 
[0066] Fig. 7B shows the electric dolly 10 having 
turned to the right through 90° . The electric dolly 1 0 con- 
tinues to turn to the right. 

[0067] Fig. 7C shows the electric dolly 10 having 
turned through 1 80*' to th right from th stat shown in 
Fig. 7A. It can be seen that the tuming area is contained 
within a circle of radius R1 , Minimizing the turning area 
lik this is the object of a spot turn. By op rating the right 
speed control lever 23R at any time, the driver can ex- 
ecute a right spot turn. The case of making a left spot 



15 



20 



25 



30 



35 



40 



45 



50 



13 



EP 1 201 488 A2 



14 



turn is the same. 

[0068] The foregoing is a description of a "spot" turn, 
but because an electric dolly 10 according to the inven- 
tion can also of course execute a "pivot" turn, for conn- 
parison with the spot turn described above a pivot turn 
will now be described on the basis of Figs. 8A and 8B. 
[0069] Referring to Fig. 8A, the right speed control le- 
ver 23R is gripped to the full braking point ([2] in Fig. 4A) 
or to immediately before the full braking point. This stops 
the right crawler 1 6R. However, because the left crawler 
1 6L continues to crawl (in this example, fonvard), the 
electric dolly 10 starts to turn to the right. The turning 
center G2 at this time is the center of the right crawler 
16R, and the turning radius R2 is the distance from the 
turning center G2 to the left corner of the load-canying 
platform 20. 

[0070] Fig. SB shows the electric dolly 10 having 
turned through 1 80*. A circle of radius R2 with the turn- 
ing center G2 as its center defines the turning area. This 
circle is larger than the circle of radius R1 shown in Fig. 
7C. Accordingly, it will be understood that to minimize 
the turning area the spot turn illustrated in Figs. 7A 
through 70 is best. 

[0071] Considering here the sequence of operations 
carried out by the driver, if during travel it is necessary 
to adjust the direction of the electric dolly 1 0, by lightly 
gripping the left or right speed control lever the driver 
can create a speed differential between the left and right 
driven wheels and correct to the left or to the right the 
heading of the electric dolly 10. 
[0072] To make a sudden correction of direction, the 
driver grips the left or right speed control lever more 
strongly. At this time, if the position of the speed control 
lever is the position [2] in Fig. 4A, a tum of the kind 
shown in Figs. 8A and 88 can be executed, and If the 
speed control lever Is between the positions [2] and [3] 
in Fig. 4A a turn of the kind shown in Figs. 7A through 
7C can be executed. That is, with this invention, a driver 
can freely make any turn from a gentle turn through a 
sharp tum to a spot turn (very sharp tum) just by oper- 
ating the left or right speed control lever. 
[0073] As has been described above, with the electric 
dolly 1 0 of this first preferred embodiment, left and right 
speed control levers 23L, 23R are provided alongside 
left and right grips SOL, 30R as shown In Fig. 1 and Fig. 
3, and a left brake 1 7L and a left electric motor 13L are 
controlled with the left speed control lever 23L and a 
right brake 17R and a right electric motor 13R are con- 
trolled with a right speed control lever 23R. 
[0074] Consequently, a driver can operate the speed 
control levers 23L, 23R while gripping the left and right 
grips 30L, 30R. As a result, while keeping the electric 
dolly 1 0 In a good attitude by gripping th grips 30L, 30R 
it is possible to xecut adir ction change or tum of the 
electric dolly 10 with the left and right speed control le- 
vers 23L and 23R, and consequently the electric dolly 
1 0 can b driven in a weaving line in a stable state. 
[0075] Also, becaus the driver can operate the left 



and right speed control levers 23L, 23R whil still grip- 
ping the grips 30L and 30R. the driver can operate the 
left and right speed control levers 23L, 23R easily just 
with the fingers, without moving either hand. As a resuft 
5 of this, because the driver can operate the left and right 
speed control levers 23L, 23R with a natural operating 
feeling (without great effort), driver fatigue is lessened. 
[0076] Next, an electric vehicle according to a second 
preferred embodiment of the invention wilt be described, 

^0 on the basis of Fig. 9 through Fig. 12. In this second 
preferred embodiment, parts the same as in the first pre- 
ferred embodiment have been given the same reference 
numerals and will not be described again. The following 
description takes as the electric vehicle the example of 

^5 a snow remover. 

[0077] Refemng to Fig. 9 and Fig. 10, this snow re- 
mover 40 has a transport frame 42 having left and right 
crawler belts 41 L, 41 R and mounted on this transport 
frame 42 so that it can swing up and down a vehicle 

^0 frame 45 having a snow-clearing utility part 43 and an 
engine 44 for driving this snow-clearing utility part 43, 
the front end of the vehicle frame 45 being made to 
swing up and down by a frame raising/lowering mecha- 
nism 46. Also, left and right control handles 47L, 47R 

2s extend rearward (specifically, upward and reanA^ard) 
from the rear part of the transport frame 42. The trans- 
port frame 42 and the vehicle frame 45 constitute a ma- 
chine body (vehicle body) 49. 

[0078] The control handles 47L, 47R are gripped to 
30 operate the snow remover 40 by an operator (not 
shown) walking behind the snow remover 40. A control 
panel 51, a control unit 52 and batteries 53, 53 are 
mounted in this order from the top between the left and 
right control handles 47L, 47R. 
55 [0079] Left and right grips 48L. 48R are attached to 
the ends of the left and right control handles 47L, 47R; 
a brake operating lever 54 is provided in the vicinity of 
the left grip 48L; and left and right speed control levers 
56L, 56R are mounted near the left and right grips 48L, 
40 48R. 

[0080] The snow-clearing utility part 43 is made up of 
an auger 43a, a blower 43b and a shooter 43c mounted 
on the front end of the vehicle frame 45. Power from the 
output shaft 65 of the engine 44 is transmitted through 

45 an electromagnetic clutch 66 to a driving pulley 67a; ro- 
tation of the driving pulley 67a Is transmitted by a trans- 
mission bell 67b to a driven pulley 68b; rotation of the 
driven pulley 68b is transmitted by a rotating shaft 68a 
to the auger 43a and the blower 43b; and snow scooped 

50 up by the auger 43a is shot to far away through the 
shooter 43c by the blow r 43b. 
[0081] As shown in Fig. 1 0, the crawler belts 41 L, 41 R 
ar driven by left and right lectric motors 71 L, 71 R via 
left and right driving wheels 72L, 72R disposed at th 

55 rear ends of the crawler belts 41 L and 41 R, and left and 
right rolling wheels 73L, 73R are disposed at the front 
ends of the crawler belts 41 L, 41 R. 
[0082] The snow remover 40 nrraves under its own 
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power by rotation of the electric motors 71 L, 71 R being 
transmitted to the left and right driving wheels 72L, 72R 
and driving the left and right crawler belts 41 L, 41 R. 
[00831 A generator pulley 75 is mounted on the output 
shaft 65 projecting from the engine 44, and a drive belt 5 
77 passes around this generator pulley 75 and a pulley 
76 of a charging generator 69 so that rotation of the out- 
put shaft 65 is transmitted by the drive belt 77 to the 
charging generator 69. 

[0084] Provided on the control panel 51 area raising/ io 
lowering control lever 60a for operating the frame rais- 
ing/lowering mechanism 46 (shown in Fig. 9); a shooter 
control lever 60b for changing the direction of the shoot- 
er 43c; an accelerator lever 22 (the same as in the first 
prefen-ed embodiment): and a throttle lever 64 for the ?5 
snow-clearing utility part 43, which controls the speed 
of the engine 44. The control panel 51 also has in the 
vicinity of the right side control handle 47R a clutch op- 
erating button 59. The clutch operating button 59 oper- 
ates a switch which on/off-controls the electromagnetic 20 
clutch 66. 

[0085] When snow-clearing is carried out with this 
snow remover 40, the operator does not ride the snow 
remover 40 but walks behind it and advances, reverses, 
turns and stops it by operating the accelerator lever 22 25 
and the left and right speed control levers 56L, 56R. 
[0086] The accelerator lever 22 and the left and right 
speed control levers 56L, 56R will now be discussed fur- 
ther on the basis of Fig. 11. 

[0087] Fig. 11 Is a control system view of an electric 30 
vehicle of this invention (second preferred embodi- 
ment). Mounted on the machine body 49 are the left 
electric motor 71 L for driving the left driven wheel 72L, 
a left brake 74L for braking the left driven wheel 72L, the 
right electric motor 71 R for driving the right driven wheel 35 
72R, and a right brake 74R for braking the right driven 
wheel 72R. The left and right control handles 47L, 47R 
extend reanward frorr) th_e machine body 49, and the left 
and right grips 48L, 48R are provided at the rear ends 
of these control handles 47L, 47R. The left speed control 40 
lever 56L for controlling the left brake 74L and the left 
electric motor 71 L is mounted alongside the left grip 48L, 
and the right speed control lever 56R for controlling the 
right brake 74R and the right electric motor 71 R Is 
mounted alongside the right grip 48R. 45 
[0088] The left and right brakes 74L, 74R, like the 
brakes 17L, 17R of the first preferred embodiment 
shown in Fig. 1 , may be electromagnetic brakes which 
apply a braking force through an electromagnetic action; 
hydraulic brakes which grip a disc with a hydraulk; pres- so 
sure; mechanical brakes whch clamp a drum with a 
band; regenerative brakes; or equivalent brakes of 
some other form or typ . 

[0089] Also, this snow remover 40 has on swing 
shafts 56a, 56a of the speed control levers 56L, 56 R left 55 
and right brake position potentiomet rs 57L and 57R, 
and has on a swing shaft of the acc lerator lever 22 an 
accelerator potentiometer 26 (the same as in the first 



preferred embodiment), and has on the left control han- 
dle 47L a brake switch 55. 

[0090] The accelerator lever 22. as in the first pre- 
ferred embodiment, is a contn^l lever which provides for- 
ward, reverse and stop control with a single lever and 
with which it is also possible to switch continuously from 
a low speed to a high speed in either fonvard or reverse. 
[0091] By an accelerator potentiometer 26 being ac- 
tuated in correspondence with the position of this accel- 
erator lever 22, the speeds of the electric motors 71 L. 
71 R are controlled and the electric motors 71 L, 71 R are 
made to fonward/reverse-rotate. 
[0092] The brake switch 55 is a switch operated by 
the brake operating lever 54. Specifically, when the left 
grip 48L is gripped with the operator's left hand, the 
brake operating lever 54 is gripped as well and swings 
about a pin 54a toward the left grip 48L, whereupon the 
brake switch 55 assumes a break-releasing state. This 
brake operating lever 54 is a dead-man lever type park- 
ing lever 

[0093] The left and right brake position potentiome- 
ters 57L, 57R differ from the brake potentiometers 27L, 
27R of the first preferred embodiment shown in Fig. 3 
only in that they have the swing shafts 56a, 56a, and 
olhenrt/ise are of the same construction as in the first pre- 
ferred embodiment. 

[0094] Next, the operation of the left and right brake 
position potentiometers 57L, 57R of this second pre- 
ferred embodiment will be explained, on the basis of 
Figs. 12A and 12B. 

[0095] Fig, 1 2A is an enlarged view of the speed con- 
trol levers 56L, 56R and the respective brake potenti- 
ometers 57L, 57R. The left and right speed control le- 
vers 56L, 56 R move over the range of from [1] through 
[2] to [3). Here, as in the first preferred embodiment, the 
position [1] will be called the 'no braking point' at the 
beginning of the movement range; the position [2] will 
be called the-'full braking point', part-way through the 
movement range; and the position [3] will be called the 
'movement range end point". 

[0096] The reference numerals 50L and 60R denote 
left and right compression springs urging the left and 
right speed control levers 56L, 56R toward the position 
[1 ] (the position shown with solid lines). The springs urg- 
ing the left and right speed control levers 56L, 56R to- 
ward the position [1 ] (the position shown with solid lines) 
do not have to be compression springs, and alternatively 
for example torsion springs can be fitted to the swing 
shafts 56a, 56a. 

[0097] Fig. 128 is a graph showing distance moved 
by the left and right speed control levers 56L, 56R on 
the horizontal axis and output of the brake pot ntiome- 
ters 57L, 57R on the vertical axis. In this exampi , 0 volts 
on th vertical axis is assigned to the no braking point 
[1] on the horizontal axis; Vm volts on the vertical axis 
to the full braking point [2] on the horizontal axis; and 
5.0 volts on th vertical axis to the movement range end 
point [3] on the horizontal axis. Vm is a voltage satisfying 
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0<Vm<5.0, and is set to for example 1 .5 volts, 2.0 volts 
or 2.5 volts. 

[0098] As a result, the range 0 to Vm volts on the ver- 
tical axis is a braking control range, and the range Vm 
to 5.0 volts on the vertical axis is a turning control range. 
And in Fig. 12A also, from position [1] (the start point of 
the movement range of the lever) to position [2] (part- 
way through the movement range of the lever) con^e- 
sponds to braking control and from position [2] (part-way 
through the movement range of the lever) to position [3] 
(the end point of the movement range of the lever) cor- 
responds to turning control. 

[0099] The operation of the snow remover 40 will now 
be explained, on the basis of Fig. 11 and Figs. 12Aand 
12B. 

[0100] When the left speed control lever 56L Is oper- 
ated between [1 ] and [2] in Fig. 1 2A, on the basis of the 
output voltage BKLV of the brake potentiometer 57L 
connected to this, a signal is outputted from the control 
unit 52 shown in Fig. 11 to a left brake driver 58L, and 
the left brake driver 58L brake-controls the left brake 
74L. 

[0101] Between [1] and [2] on the horizontal axis 
shown in Fig. 12B, a level of braking is changed propor- 
tionally In correspondence with the position of the left 
speed control lever 56L, or specifically the degree of 
gripping of the left speed control lever 56L. As a result, 
the snow remover 40 can make a pivot turn to the left 
by the left crawler belt 41 L stopping while the right crawl- 
er belt 41 R is driven. In other words, the snow remover 
40 can make a pivot turn in the opposite direction to that 
made by the electric dolly 10 in Figs. 8A and 8B. 
[0102] Similarly, when the right speed control lever 
56R is operated between [1] and [2] in Fig. 12A, on the 
basis of the output voltage BKRV of the right brake po- 
tentiometer 57R connected to this, a signal is outputted 
from the control unit 52 to a right brake driver 58R and 
the right brake driver 58R brake-controls the right brake 
74R. 

[0103] Between [1) and [2] on the horizontal axis 
shown in Fig. 128, a level of braking is changed propor- 
tionally in correspondence with the position of the right 
speed control lever 56R, or specifically the degree of 
gripping of the right speed control lever 56R. As a result, 
the snow remover 40 can make a pivot turn to the right 
by the right crawler belt 41 R stopping while the left 
crawler belt 41 L is driven. In other words, the snow re- 
mover 40 can make a pivot turn In the same direction 
as that made by the electric dolly 1 0 in Figs. 8A and 8B. 
[0104] As In the first preferred embodiment, the con- 
trol unit 52 takes in the output voltage ACCV of the ac- 
celerator potentiometer 26 and controls (the speeds and 
dir ctions oO the left and right lectric motors 71 L, 71 R 
by way of the left and right motor drivers 29L, 29R (the 
sam as in the first preferred mbodim nt). 
[0105] Also, by gripping the left speed control lever 
56L or the right speed control lever 56R deeply between 
[2] and [3] in Fig. 12A, it Is possible to make the snow 



remover 40 execute a 'spot' left or right turn, which Is 
different from a pivot turn (i.e. a turn executed by braking 
oneofth crawlers). 

[0106] By reversing rather than stopping the respec- 
5 tive crawler belt 41 L or 41 R between (21 and [3] on the 
horizontal axis in Fig. 1 2B it Is possible to make the snow 
remover 40 execute a spot turn in the same way as the 
electric dolly 10 shown in Figs. 7A through 7C. 
[0107] The method for controlling the left and right 
electric motors 71 U 71 R and the left and right brakes 
74L, 74R when the left and right speed control levers 
56L, 56R are operated is the same as that shown by the 
flow chart of Fig. 6 discussed in the first preferred em- 
bodiment. 

[01 08] With the snow remover 40 of this second pre- 
ferred embodiment, as with the electric dolly 10 of the 
first pretended embodiment, left and right speed control 
levers 56L, 56R are provided alongside left and right 
grips 48L, 48R and a left brake 74L and a left electric 
motor 71 L are controlled with the left speed control lever 
56L and a right brake 74R and a right electric motor 71 R 
are controlled with a right speed control lever 56R. 
[0109] By means of this construction it is possible to 
obtain the same effects as those of the electric dolly 10 
of the first preferred embodiment. That is, a driver can 
operate the speed control levers 56L, 56R while gripping 
the left and right grips 48L, 48R. As a result, while keep- 
ing the snow remover 40 In a good attitude by gripping 
the left and right grips 48L, 48R it is possible to execute 
a direction change or turn of the snow remover 40 with 
the left and right speed control levers 56L and 56R, and 
consequently the snow remover 40 can be dHven in a 
weaving line in a stable state. 
[0110] Also, because the driver can operate the left 
and right speed control levers 56L, 56R while still grip- 
ping the grips 48L and 48R, the driver can operate the 
left and right speed control levers 56L, 56R easily just 
with the fingers, without moving either hand. As a result 
of this, because the driver can operate the left and right 
speed control levers 56L, 56R with a natural operating 
feeling (without great effort), driver fatigue is lessened. 
[0111] Although in the first and second pretended em- 
bodiments described above an electric dolly 10 and a 
rotary snow remover 40 were used as examples of elec- 
tric vehicles according to the invention, an electric vehi- 
cle according to the Invention may alternatively be some 
other utility vehicle such as a mowing machine, a dozer 
or a cultivator, and there Is no particular restriction on 
the type of the electric vehicle. 
[01 12] And although in the first and second preferred 
embodiments an example of the control of the I ft and 
right electric motors and the left and right brakes carried 
out when th t ft and right speed control I vers are op- 
erat d was described using the flow chart of Fig. 6, th 
method of controlling th left and right el ctric motors 
and th left and right brakes Is not limited to this. In short, 
any method by which it Is possible to control the left and 
right electric motors and the left and right brakes so that 
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the vehicle can change direction and turn when the left 
and right speed control levers are operated will suffice. 
[0113] Figs. 13A and 13B are graphs showing the 
braking control range of the speed control lever shown 
in Fig. 4A and showing the relationship between the po- 
sition of the lever shown in Fig. 4B and the output of the 
respective brake potentiometer 27L or 27R. 
[0114] Fig. 13A shows that with the output range of 
the brake potentiometers 27L, 27Rmade 0 to Vm volts, 
0 volts has been assigned to 0% braking and +Vm volts 
has been assigned to 100% braking (full braking). As 
mentioned with reference to Fig. 4B, Vm is for example 
1 ,5 volts. 2.0 volts or 2.5 volts. 
[0115] Fig. 138 is a graph obtained by generalizing 
Fig. 1 3A and processing It for the purposes of the control 
of this invention, and shows 0 volts assigned to 0% brak- 
ing and Vmax volts assigned to 100% braking. 
[01 1 6] When the driver sets the left or right speed con- 
trol lever 23L or 23R to the vicinity of 1 00% braking, be- 
cause it is the intention of the driver to invoke full brak- 
ing, the control correction to be carried out in this inven- 
tion will not be applied. Accordingly, in Fig. 138, the re- 
gion between V6 and Vmax (shown with hatching in the 
figure) on the vertical axis is made a non-control region. 
[01 1 7] And when the driver sets the left or right speed 
control lever 23L or 23R to the vicinity of 0% braking, 
because it is the intention of the driver not to invoke brak- 
ing, the control correction to be carried out in this inven- 
tion will not be applied. Accordingly, In Fig. 138, the re- 
gion between 0 and V5 (hatched) on the vertteal axis is 
made a non-control region. 

[0118] That is, in Fig. 138, the control of this invention 
is executed in the region of V5 to V6 on the vertical axis. 
[01 1 9] Figs. 1 4A and 1 48 show a control flow for the 
region V5 to V6 on the vertical axis of Fig. 138 in the 
control unit 24 shown in Fig. 5. For convenience, this 
single control flow is divided between Figs. 14A and 
148. 

[0120] ST21 : The accelerator angle (the output volt- 
age of the accelerator potentiometer) ACCV is read in. 
[0121] ST22: It is detemfiined whether or not the ac- 
celerator angle ACCV read in is greater than a neutral 
vottage Vn. As shown in Fig. 20, an accelerator angle 
ACCV greater than the neutral voltage Vn can be re- 
garded as 'forward' and an accelerator angle ACCV less 
than the neutral voltage Vn can be regarded as Yeverse'. 
When the determination is YES then processing pro- 
ceeds to ST23f , and when it is NO then processing pro- 
ceeds to ST23r 

[0122] ST23f: If the detemnination of ST22 is YES, it 
is determined whether or not the accelerator angle AC- 
CV is within the voltage range V3 to V4 shown in Fig. 
2C. As shown in Fig. 20 the voltage range V3 to V4 is 
a control range and voltages outside this range are in a 
non-control range. Accordingly, if the detemnination is 
NO, processing ends. 

[0123] ST24f: If the accelerator angle ACCV Is in the 
voltage range V3 to V4, the proportion of this range cor- 



responding to ACCV (an accelerator percentage 
ACC%) is calculated. The fonnula for this calculation is: 
acceleration percentage AOC% = (ACCV-V3)/(V4-V3). 
[0124] ST23r: If the detemnination of ST22 is NO, It is 

5 detemnined whether or not the acceleration angle ACCV 
is in the voltage range VI to V4. As shown in Fig. 20, 
the voltage range V1 to V2 is a control range, and volt- 
ages outside this range are in a non-control range. Ac- 
cordingly, if the determination is NO, processing ends. 

10 [0125] ST24r: If the accelerator angle ACCV is in the 
voltage range V1 to V2, the proportion of this range cor- 
responding to ACCV (an accelerator percentage 
ACC%) is calculated. The fonnula for this calculation is: 
acceleration percentage ACC% = (ACCV-V1)/(V2-V1). 

15 [0126] ST25: An acceleration percentage ACC% Is 
detemnined on the basis of ST24f or ST24r. 
[0127] ST26L: The left brake angle (the output of the 
left brake potentiometer) 8KLV Is read In. 
[0128] ST27L: It is checked whether or not the BKLV 

20 read in is in the voltage range V5 to V6. In Fig. 1 3B, the 
voltage range V5 to V6 is the control range, and voltages 
outside this range are in a non-control range; therefore, 
if the detemnination Is NO, processing ends. 
[0129] ST28L: If the detemnination of ST27 is YES, 

25 the proportion of the range (V5 to V6) corresponding to 
BKLV (a left brake percentage BKL%) is calculated. The 
formula for this calculation is: left brake percentage 
BKL% = (8KLV-V5)/(V6-V5). 

[0130] In the same way, the following steps are car- 

30 ried out for the right brake. 

[0131] ST26R: The right brake angle (the output of the 
right brake potentiometer) BKRV is read in. 
[0132] ST27R: It is checked whether or not the BKRV 
read in is in the voltage range V5 to V6. In Fig. 1 3B, the 

35 voltage range V5 to V6 is the control range, and voltages 
outside this range are in a non-control range; therefore, 
if the determination is NO, processing ends. 
_ [0133] ST28R: if the determination of ST27 is YES, 
the proportion of the range (V5 to V6) corresponding to 

40 BKRV (a right brake percentage BKR%) is calculated. 
The fonnula for this calculation is: right brake percent- 
age BKR% = (BKRV-V5)/(V6-V5). 
[0134] ST29L (Fig. 148): On the basis of the Vmax 
shown in Fig. 20, the ACC% determined in ST25 and 

45 the 8KL% calculated in ST28L, the following calculation 
Is carried out: TGI L = Vmax x ACC% x (1 -BKL%). 
[0135] When the left brake angle BKLV is large, it is 
wasteful to supply much powerto the left motor, and the 
supply of power to the left motor should be reduced. 

50 [0136] When the left brake angle BKLV is large, ac- 
cording to ST08L, BKL% becomes a large value close 
to 1 .0, and (1 -BKL%) becomes a small value clos to 0. 
By multiplying this (1-8KL%) by (Vmax x ACC%), it is 
possible to set a corr ct d accelerator angle whk:h 

55 takes into account the left brake angle. 

[01 37] It is beneficial to take into account the left brake 
angle like this when det rmining the vottag for control- 
ling the left motor. However, if the right brake angle is 
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large, It Is desirable to lower the left motor control volt- 
age more, (f on the other hand the right brake angle is 
small, its influence on the left motor can be ignored, 
[01 38] It is preferable to take into account both the left 
brake angle and the right brake angle like this when de- 
termining the voltage for controlling the left motor. 
[0139] In this connection, the replacement of the last 
termof ST29L, BKL%, with (BKL%+pxBKR%xACC%) 
will now be studied. BKR% is the value obtained In 
ST28R. 

[0140] When the left motor is considered, the Influ- 
ence of the right brake is likely to become more marked 
the larger is the acceleration angle ACC%. Therefore, 
the right brake angle BKR% will be multiplied by ACC%. 
And because when BKR% is directly added to BKL% 
the Influence of the right brake angle BKR% becomes 
too strong, it will be multiplied by a coefficient p of 0.3 
to 0.5. 

[0141] From this it can be seen that it is appropriate 
to replace the last tenm BKL% of ST29L with 
(BKL%+pxBKR%xACC%). This 
(BKL%+pxBKR%xACC%) will be called the corrected 
left brake percentage. 

[0142] ST30L: A corrected value TG2L (left motor 
control value) of TGI L is calculated using the following 
fomnula: TG2L = Vmax x ACC% x 
{1-(BKL%+pxBKR%xACC%)}. 
[01 43] ST3 1 L: Because a corrected left motor control 
value TG2L has been determined, the left motor Is op- 
erated in accordance with this TG2L. 
[0144] ST29R and ST30R are the same as ST29L 
and ST30L but with the L replaced with R and hence, 
the explanation thereof is omitted. 
[0145] ST31 R: Because a corrected right motor con- 
trol value TG2R has been detemnined, the right motor 
is operated in accordance with this TG2R. 
[0146] In this invention the accelerator levers and 
speed control tevers do not have to be levers irLa narrow 
sense, and may alternatively be dial switches, sliding 
switches or any other means by which it is possible to 
set a value manually. 

[0147] Electric motor control pertaining to a third pre- 
ferred embodiment of the Invention will now be de- 
scribed, on the basis of Fig. 15 and Figs. 16A through 
16C. 

[0148J ST21 through ST31 L and ST31 R of the flow 
chart shown In Figs. 14Aand 14B are control flows good 
for normal control, and generally the electric motors are 
controlled directly on the basis of the accelerator angle. 
However, in electric motor control pertaining to this third 
prefenred embodiment, for example In control of the left 
electric motor, when the left brake angle is large the left 
electric motor control value is lower d, and wh n the 
right brake angi Is large this is also taken into account 
and th I ft motor control value is low r d further And 
the same control is carried out for the right electric motor 
As a r suit, the waste of rotating an lectric motor at a 
high speed while applying a brake Is avoided. Also, 



whereas ordinarily it sometimes happens that the vehi- 
cle shakes due to an unbalance between the actions of 
the left and right electric motors, in this third pteterred 
embodim nt. because for example with respect to the 
5 left electric motor not only the left brake angle but also 
the right brake angle is taken into account, there is no 
risk of this happening, and the control feeling and 
straight-fonward characteristic of the vehtele improve. 
This will now be explained in detail. 
10 [01 49] Fig. 1 5 is a system view corresponding to Fig. 
5, and differs from Fig. 5 in that there are provided speed 
detectors for detecting the speeds NL of the left electric 
motor 13L. The other construction elements are the 
same as those shown in Fig. 5 and have been assigned 

'5 the same reference numerals as in Fig. 5 and hence, 
the explanation thereof is omitted. 
[0150] Figs. 16A through 16C show a sequence of 
control flow pertaining to the third preferred embodi- 
ment. For convenience, this single control flow has been 

20 divided between Figs, 16A, 16B and 16C. The control 
flow shown in Fig. 16A is the same as the control flow 
shown in Fig. 14A, and the control flow shown in Fig. 
16B is the same as the control flow shown in Fig. 14B; 
accordingly, the same step numbers have been as- 

25 signed as in Figs. 14A and 14B and a duplicate expla- 
nation of Figs. 16A and 16B will not be given. 
[0151] The control flow shown in Fig. 1 6C, which con- 
tinues from C in Fig. 16B, will now be explained. 
[0152] ST32: To check whether or not there is a re- 

30 quirement for straight-line control during nomial run- 
ning, first a braking difference ABK (=IBKL\/-BKRVI) is 
calculated. BKLV is the left brake angle read in at ST26L 
shown in Fig. 1 6A, and BKRV is the right brake angle 
read in at ST26R. 

55 [01 53] ST33: To check whether or not the left and right 
brakes are the same or almost the same, a brake thresh- 
old value Bstd below which the left and right braking an- 
^ gles can be regarded as substantially the same is pre- 
detemiined. Then, it is determined whether or not the 

40 braking difference ABK obtained in ST32 is less than the 
threshold value Bstd. If the determination is NO, then 
because there is a difference between the left and right 
braking angles, the processing ends. 
[0154] ST34: If the detennination of ST33 is YES, 

45 then because the left and right braking angles are es- 
sentially the same, for control to proceed further the 
speeds NL, NR (see Fig. 15) of the left and right electric 
motors are read in. 

[01 55] ST35: The average Nmean of the left and right 
50 electric motor speeds NL, NR is calculated. 

[01 56] ST36: A speed difference threshold valu Nstd 
con^esponding to the average Nmean obtained in ST35 
is detennin d from th graph (a) shown in Fig. 1 6C. The 
higher is the speed, the more marked is the I ft-right 
55 speed differenc . At low speeds the speed difference is 
small. Accordingly, the threshold value used for the de- 
termination (the spe d diff rence threshold value Nstd) 
is determined in correspondence with the speed. 



23 



EP 1 201 488 A2 



24 



[01571 ST37: The speed difference AN (=INL-NRI) is 
calculated. 

[0158] ST38: It is checked whether the speed diff r- 
ence AN obtained in ST37 is above the speed difference 
threshold value Nstd. If NO, then there is no great speed 
difference between the left and right electric motors. 
That Is, because there is no risk of the vehicle turning 
even when left, control ends. In ST33 the brake angle 
difference was checked; however, the brake angle is not 
completely linked to the speed of the electric motor. 
Therefore, here the speed difference between the left 
and right electric motors is checked again. 
[0159] ST39: Because there was found to be a harm- 
ful speed difference between the left and right electric 
motors, it is checked which is at the lower speed. 
[0160] ST40: If the detemiination of ST39 is YES (the 
left motor speed NL > the right motor speed NR), by 
speed-reducing control of the left electric motor (reduc- 
ing the power supplied to the left electric motor) the 
speeds of the left and right electric motors are made 
substantially the same. By this means the straight-for- 
ward characteristic of the electric vehicle can be im- 
proved. 

[0161] ST41 : If the determination of ST39 is NO (the 
left motor speed NL < the right motor speed NR), the 
speeds of the left and right electric motors are made the 
same by speed-reducing control of the right electric mo- 
tor (reducing the power supplied to the right electric mo- 
tor). By this means also the straight-fonA/ard character- 
istic of the electric vehicle can be improved. 
[0162] By the execution of the above steps ST32 
through ST41 , only when the left and right braking an- 
gles are the same or substantially the same, control to 
match the speeds of the left and right electric motors is 
carried out. in this way, it is possible to improve the 
straight-forward characteristic without being influenced 
by the path condition. And, it is the higher speed that is 
adjusted to match the lovyer speed. This is because 
when one of the driving wheels has mounted an irregu- 
larity in the path surface or a slope, lowering the speed 
makes it is easier to stabilize the vehicle body. 
[0163] Fig. 17 shows a variation of the control flow 
shown in Fig. 168, in which ST30L and ST30R of Fig. 
1 6B are dispensed with. As a result of this, in ST31 L of 
Fig. 17 a left motor control value TG1L Is detemnlned 
and In ST31 R a right motor control value TG1 R is de- 
termined. ST29L and ST29R are the same as in Fig. 
14B and therefore will not be explained again here. As 
a result of the omission of ST30L and ST30R of Fig. 1 SB, 
the control flow shown in Fig. 17 is extremely simple. 
[0164] A fourth pretended embodiment of an electric 
vehicle according to the invention, having an engin - 
driven utility part at th front of an lectric v hide of the 
kind discussed above, will now be describ d. 
[0165] Fig. 18 shows an electrically-propelled utility 
machine according to a fourth preferred embodiment. In 
Fig. 18, an electrically-propelled snow-clearer 1 00 serv- 
ing as an example of an electrbally propelled utility ma- 



chine has left and right electric motors 11 3L, 113R pow- 
ered by a battery (not shown) mounted on a vehicle body 
frame (vehicle body) 111. The electric motors 113L, 
11 3R are rotationalty driven by left and right drive shafts 

5 114L, 114R.Leftandrightcrawlers116L, 116Raredriv- 
en by driven wheels 11 5L, 115R mounted on the ends 
of these drive shafts 1 14L, 1 14R. The left and right driv- 
en wheels 115L, 115R are braked by the operation of 
left and right brakes 1 1 7L, 1 1 7R. Amachine platfonn 1 20 

10 is provided on the veh icie body frame 1 1 1 . A control pan- 
el 121 is provided on the rear of the machine platfonn 
120. This control panel 121 has a single accelerator le- 
ver 122 and a single throttle lever 125. Left and right 
operating handles 1 1 2L, 1 1 2R extend reanvard from the 

IS rear of the control panel 121 . Left and right grips 130L, 
130R are provided at the rear ends of the left and right 
operating handles 1 1 2L, 11 2R. A left speed control lever 
1 23L for controlling the left brake 1 1 7L and the left elec- 
tric motor 113L is provided alongside the left grip 130L. 

20 A right speed control lever 1 23R for controlling the right 
brake 1 1 7R and the right electric motor 1 1 3R is provided 
alongside the right grip 130R. 

[01 66] A driver does not ride the vehicle but walks be- 
hind It and advances, reverses, turns and stops it by op- 

25 erating the levers on the control panel 121 (including the 
accelerator lever 122, the throttle lever 125 and the left 
and right speed control levers 123L, 123R). 
[0167] A blower 134 and an auger 135, constituting 
utility tools, are driven by an engine 131 serving as a 

30 drive source. The engine 131 is mounted on the ma- 
chine platform 120, and rotationaliy drives the blower 
1 34 and the auger 135 by way of a clutch 1 32 and a tool 
shaft 1 33. Adjustment of the speed of the engine 1 31 is 
earned out by means of the throttle lever 125. The ref- 

35 erence number 136 denotes an auger housing, and 137 
a snow-throwing chute. 

[0168] The left and right electric motors 113L, 113R, 
the left and right driven wheels 115L, 115R and the left 
and right brakes 1 1 7L, 1 1 7R constitute a transit system' 

40 of the electrically-propelled snow-clearer 1 00. This tran- 
sit system propels forward and backward and tums the 
electrically-propelled snow-clearer 100. The engine 
131, the clutch 132, the blower 134 and the auger 135 
make up a 'utility system'. This utility system performs 

^5 snow-clearing wori<. 

[0169] The reference number 124 denotes a control 
unit, and this control unit 124 controls en bloc the left 
and right electric motors 113L, 113R and the left and 
right brakes 117L, 117R on the basis of the positions of 

50 the accelerator lever 122 and the left and right speed 
control levers 1 23L, 1 23R. 

[0170] Th I ft and right brakes 117L, 117R may be 
electromagnetic brakes which apply a braking force 
through an electromagnetic action; hydraulic brakes 
55 which grip a disc with a hydraulic pressure; mechanical 
brak s which clamp a drum with a band; regenerative 
brakes; or equivalent brakes of some other form or type. 
[0171] Figs. 19A and 19B are views illustrating the 
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working principl of the clutch shown in Fig. 1 8. 
[0172] As shown in Fig. 19A. the clutch 132 has a 
drive pulley 138 attached to the output shaft of the en- 
gine 131; a driven pulley 139 attached to the tool shaft 
133; a belt 141 passing around these pulleys 138, 139; 
and a clutch cylinder 142 for tensioning and loosening 
the belt 1 41 . When a piston rod 1 43 of the clutch cylinder 

142 is protruded, the belt 141 is tensioned, whereupon 
the clutch 1 32 assumes an ON-state and power Is trans- 
nnitted from the drive pulley 1 38 to the driven pulley 1 39. 
[0173] And referring to Fig. 1 9B, when the piston rod 

143 of the clutch cylinder 142 is retracted, the belt 141 
is loosened, whereupon the clutch 132 assumes an 
OFF-state and power is not transmitted from the drive 
pulley 138 to the driven pulley 139. 

[01 74] The action of the accelerator lever 1 22 used in 
this preferred embodiment, shown in Fig. 18, is the 
same as that of the accelerator lever 22 of the first pre- 
ferred embodiment, shown in Figs. 2A through 2C, and 
accordingly will not be explained again here. 
[01 75] Also, the relationships between the speed con- 
trol levers 123L, 123R shown in Fig. 18 and the outputs 
of brake potentiometers 127L, 127R (see Fig. 20) are 
the same as in the graphs of Figs. 13A and 13B of the 
first preferred embodiment and accordingly will not be 
explained again here. 

[0176] The control system of this electrically-pro- 
pelled utility machine according to a fourth preferred em- 
bodiment of the invention will now be explained, on the 
basis of Fig. 20. 

[0177] When the left speed control lever 123L is op- 
erated, on the basis of the output voltage of the brake 
potentiometer 1 27L connected to this, a left brake driver 
128L brakes the left brake 117L. 
[0178] Similariy, when the right speed control lever 
123R is operated, on the basis of the output voltage of 
the brake potentiometer 127R connected to this, a right 
brake driver 128R brakes the right brake 117R. 
[0179] When the throttle lever 125 Is shifted, the ap- 
rture of a throttle valve 146 disposed between the en- 
gine 131 and an intake pipe 144 Is adjusted by a throttle 
driver 1 45. For example, the more the throttle valve 1 46 
is opened, the higher the speed of the engine 131 be- 
comes. The reference number 1 47 denotes a speed de- 
tector for detecting the speed of the engine 131 . 
[0180] The control unit 124 takes In the output voltage 
ACCV of an accelerator potentiometer 126, the output 
voltages BKLV, BKRV of the left and right brake poten- 
tiometers 127L and 127R, and the engine speed Ne, 
and in accordance with a control flow which will be ex- 
plained later generates a left control voltage TG3L and 
a right control voltag TG3R and controls th left and 
right electric motors 1 1 3L, 1 1 3R by way of I ft and right 
motor drivers 129L, 129R. 

[0181] Figs. 21 A through 21 C show a single control 
flow for the electrically-propelled utility machine of this 
fourth preferred embodim nt. For convenience, this sin- 
gle control flow has been divided between Figs. 21 A, 



21 B and 21 C. The control flow shown in Fig. 21 A is the 
same as the control flow shown in Fig. 14A, and there- 
fore will not be explained again here. Also, the control 
flow shown in Fig. 218 is the same as the control flow 

5 shown in Fig. 14B without ST31L and ST31R, and ac- 
cordingly the same numbers have been assigned as in 
Fig. 1 4B and no duplicate explanation will be given here. 
[01 82] The control flow shown in Fig. 21 C, which con- 
tinues from C in Fig. 21 B, will now be explained. 

10 [0183] ST51: It is detemiined whether or nottheclutch 
is ON. Ifthedetenninationis NO, i.e. iftheclutch Is OFF, 
because snow-clearing wori< is not being earned out, the 
subsequent control is unnecessary and processing 
ends. 

*5 [0184] ST52: If the detemriinatlon in ST51 is YES, the 
engine speed Nel is read in. 

[0185] ST53: After a time t from when the engine 
speed Nel was read in, the engine speed is read In 
again. This will be called Ne2. The lime t is a short time. 
20 [0186] ST54: The engine speed difference ANe 
(=Ne1-Ne2) is calculated. 

[0187] Here, the relationship between the engine 
speed difference ANe and a con-ection coefficient a for 
correcting the left and right motor control values will be 
25 explained, on the basis of graphs shown in Figs. 22A 
and 22B. 

[0188] Referring to Fig. 22A, when the rated speed 
Nstd of the engine is 3300rpm, If the speed difference 
ANe is 3300rpm, it means that the engine has stopped, 
30 and this is abnormal. Similarly if the speed difference 
ANe exceeds 2000rpm, it means that the engine speed 
has dropped suddenly from 3300rpm to 1300rpm, and 
this is regarded as abnomial. 

[0189] In practice the engine speed falling from 
35 3300rpm to 2500rpm (speed difference ANe = SOOrpm) 
is allowable. Accordingly, if the speed difference ANe Is 
less than 800rpm, it Is regarded as normal (meaning that 
motor control value correction is. not deemed neces- 
sary). Accordingly, motor control value connection is car- 
40 ried out over an engine speed difference ANe range of 
SOOrpm to 2000rpm. And because the smaller is the en- 
gine speed difference ANe the smaller is the connection 
that is required, and the larger Is the speed difference 
ANe the larger is the correction that must be made, the 
4s con-ectlon coefficient can be made a negative first-order 
straight line function. 

[0190] Fig. 22B is a graph obtained by generalizing 
Fig. 22A. The HAN shown on the horizontal axis is an 
upper threshold value corresponding to a speed differ- 

50 ence ANe of 2000rpm, and LAN is a lower threshold val- 
ue con^esponding to a speed difference ANe of SOOrpm. 
When the spe d differenc ANe is between LAN and 
HAN, th correction coefficient a is appii d to th left 
and right motor control valu s. a is a coefficient greater 

55 than 0 and less than 1 .0. 

[0191] Returning to Fig. 21 C, ST55: It is determined 
whether or not the speed difference ANe Is equal to or 
greater than the lower threshold value LAN. If NO, then 
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because the spe d differ nee ANe is in the 'regard das 
nomnar region of the horizontal axis, the processing 
ends. If YES, then processing proceeds to ST56. 
[0192] ST56: It is determined whether or not the 
speed difference ANe is equal to or lower than the upper 5 
threshold value HAN. If NO, then because the speed dif- 
ference ANe is in the *abnormar region of Fig. 22A, 
processing proceeds to ST57. 
[0193] ST57: A measure is taken such as generating 
a warning signal indicating abnonnality or stopping the 
engine. 

[0194] ST58: In accordance with Fig. 22B, a connec- 
tion coefficient a corresponding to the speed difference 
ANe is set. 

[01 95] ST59L: The left motor control value TG2L ob- 
tained in ST30L, shown in Fig. 21 B, is multiplied by a. 
[0196] ST59R: The right motor control value TG2R 
obtained In ST30R, shown in Fig. 21 B, is multiplied by a. 
[0197] ST60L: A left motor control value TG3L is set, 
and the left electric motor is run on the basis of this left 
motor control value TG3L. 

[0198] ST60R: A right motor control value TG3R is 
set, and the right electric motor is run on the basis of 
this right motor control value TG3R. 
[0199] When the speed of the engine 131 has 
changed, the engine 131 can be automatically restored 
to a predetemnined speed by the control unit 1 24 and 
the throttle driver 1 45. At this time, the aperture change 
of the throttle valve 146, which opens and closes auto- 
matically in accordance with the load on the engine, can 
, be utilized, That is, the control flow of Fig. 21 C can be 
executed using a sudden change in the aperture of the 
throttle valve 146 Instead of a sudden fall in the speed 
of the engine. 

[0200] In this way, with the electrically-powered utility 
machine of this fourth preferred embodiment, when a 
large load acts on the utility tool, the speed of the engine 
driving the utility tool falls sharply. When this happens,, 
the outputs of the left and right electric motors are low- 
ered and the transit speed of the machine Is reduced. 
Nomnally, the electric motors are controlled directly on 
the basis of the accelerator angle. However, in control 
of the left electric motor, when the left brake angle Is 
large, the left motor control value is lowered, and when 
the right brake angle is large this Is also taken Into ac- 
count and the left motor control value is lowered further. 
And by this kind of control being carried out, the operator 
can freely control the direction of transit of the vehicle. 
That is, the speed of transit of the vehicle can be made 
to con-espond to the load on the utility tool, 
[0201 ] Fig. 23 shows an example of a variation of the 
control system of th electrically-prop lledsnow-cl arer 
100 of the fourth pref \x d embodim nt shown in Fig. 
20. In this variation, there is further provid d an intake 
pressur sensor 148 for detecting th intake pressure 
as air is tak n in to the engine 131 from th intake pipe 
144 shown in Fig. 20 through the throtti valve 146. That 
is, the control unit 1 24 shown in Fig. 23 reads in the out- 



put voltage ACCV of the accelerator potentiometer 1 26. 
the output voltages BKLV. BKRV of the left and right 
brake potentiometers 127L and 127R, and the engine 
intake pressure, and in accordance with a control flow 
which will be discussed later generates a left motor con- 
trol value TG3L and a right motor control value TG3R 
and controls the left and right electric motors 1 1 3L, 11 3R 
by way of the left and right motor drivers 129L, 129R on 
the basis of these respective control values TG3L and 
TG3R. 

[0202] The other constituent elements shown in Fig. 
23 are the same as the those shown in Fig. 20 and there- 
fore the same reference numerals have been assigned 
to them and they will not be described again here. 
[0203] The control flow shown in Figs. 21 A and 21 B 
for the fourth prefenred embodiment is also the same in 
this variation of the fourth preferred embodiment. Ac- 
cordingly, the explanation will now proceed to the control 
flow shown in Fig. 24, which continues from C in thecon- 
trol flow shown In Fig. 21 B. 

[0204] In Fig.24 ST61 : It is determined whether or not 
the clutch is ON. If the determination is NO, i.e. the 
clutch is OFF, because snow-clearing wori< is not being 
carried out, the subsequent control is unnecessary and 
processing ends. 

[0205] ST62: If the detenmination in ST61 is YES, the 
intake pressure g1 of the engine 131 is read In by the 
intake pressure sensor 148. 

[0208] ST63: After a time t from when the engine in- 
take pressure g1 was read In by ST62, the engine Intake 
pressure is read in again. This will be written g2. The 
time t is a short time. 

[0207] ST64: An engine Intake pressure difference Ag 
(=g2-g1) is calculated. 

[0208] Here, on the basis of the graph shown in Fig. 

25, a relationship between elapsed time and intake 
pressure will be explained. 

[0209] Refemng to Fig. 25, the cylinders and pistons 
of the engine act like a reciprocating pump, and it will 
be supposed that, as a result of an intake valve opening 
and a piston descending, the intake negative pressure 
has fallen to g1 . For example when an excessive force 
(load) acts on the crankshaft of the engine, the rate of 
descent of the piston falls, and the pump action weak- 
ens, and as a result the Intake negative pressure only 
falls to g2 (g2>g1 ). The difference g2-g1 will be called 
the intake pressure difference Ag. 
[0210] An important point here Is that when an exces- 
sive load has acted on the engine, this shows up first in 
the intake negative pressure, and only after a delay does 
it appear in the engine speed and the throttle valve ap- 
ertur . Therefore, by monitoring the Intake negative 
pressur it is possibi to execut control with good re- 
sponse. 

[0211] Next, on the basis of the graph shown in Fig. 

26, a relationship between the abov -mentioned Intake 
pressure differ nee and a connection coefficient p for 
con-ecting the left and right motor control values will be 



75 



20 



25 



30 



35 



40 



45 



50 



29 



EP 1 201 488 A2 



30 



explained. In the graph of Fig. 26, the horizontal axis 
shows intake pressur difference Ag and the vertical ax- 
is shows a correction coefficient p greater than 0 and 
less than 1.0. 

[021 2] When the intake pressure difference Ag shown 5 
on the horizontal axis is large, it is likely that the intake 
pressure has risen because heavy snow or ice has hit 
the auger or the blower for example, and at this time a 
correction coefficient p nearer to 0 (zero) is applied in 
order to greatly lower the speed of the snow-clearer. io 
Conversely, when the intake pressure difference Ag 
shown on the horizontal axis is small, because the load 
on the snow-clearer is relatively small, It is only neces- 
sary to lower the speed of the snow-clearer slightly, and 
so It is sufficient to apply a correction coefficient p nearer i5 
to 1 .0. 

[0213] Returning to Fig. 24, ST65: A correction coef- 
ficient p con-esponding to the intake pressure difference 
Ag Is set with reference lo the graph of Fig. 26. 
[021 4) ST66L: The left motor control value TG2L ob- 20 
tained in ST30L of the control flow shown in Fig. 21 B is 
multiplied by p. 

[02151 ST66R: The right motor control value TG2R 
obtained in ST30R of the control flow shown in Fig. 21 B 
is multiplied by p. 2S 
[021 6] ST67L: A final left motor control value TG3L is 
set, and the left electric motor is run on the basis of this 
left motor control value TG3L. 

[021 7] ST67R: A final right motor control value TG3R 
is set, and the right electric motor is run on the basis of 30 
this right motor control value TG3R. 
[0218] Thus, in this variation, when a large load acts 
on the utility tool and the engine negative pressure rises 
suddenly, the outputs of the left and right electric motors 
are lowered and the speed of transit of the machine is 35 
reduced. Nonnally, the electric motors are controlled di- 
rectly on the basis of the accelerator angle. However, in 
this variation, control is executed whereby for example 
in control of the left electric motor, when the left brake 
angle is large, the left motor control value is lowered, 40 
and when the right brake angle is large this is also taken 
into account and the left motor control value is lowered 
further. And the same control is earned out for the right 
electric motor also. By this kind of control being carried 
out, the operatorcan freely control the direction of transit 45 
of the vehicle. 

[0219] The accelerator levers and speed control le- 
vers referred to in the preferred embodiments and var- 
iations thereof described above do not have to be levers 
in a narrow sense, and may alternatively be dial switch- so 
es, sliding switches or any other means by which it is 
possible to set a value manually. 
[0220] Although in the foregoing fourth pr fen-ed em- 
bodiment and variation thereof an electrically-propelled 
snow-clearer was us d for the purposes of the descrip- 55 
tion as an example of an lectrically-propelled utility ma- 
chin according to th invention, an I ctrlcally-pro- 
pelled utility machine according to the invention may al- 



ternatively be some other utility vehicle such as a mow- 
ing machine, a dozer or a cultivator, and there is no par- 
ticular restriction on the type of the utility vehicle. 
[0221 ] An electric vehicle (10,1 00) has left and right 
speed control levers (23L, 123L, 23R, 123R) provided 
alongside left and right grips (30L, 130L, 30R, 130R) 
provided at the ends of left and right control handles 
(25L, 11 2L, 25R, 112R). The electric vehicle also has 
left and right electric motors (13L, 113L, 13R, 113R)for 
driving left and right driven wheels (15L, 11 5L, 15R, 
115R) and left and right brakes (17L. 117L, 17R, 117R) 
for braking the left and right driven wheels. The left brake 
and the speed of the left electric motor are controlled 
with the left speed control lever, the right brake and the 
speed of the right electric motor are controlled with the 
right speed control lever, and a driver can execute 
changes of direction and pivot-turns and spot turns while 
holding the vehicle In a good attitude with the left and 
right grips. 



Claims 

1. An electric vehicle (10, 100), comprising: 

a vehicle body (11, 111); 
a left electric motor ( 1 3L, 1 1 3L) , mounted on the 
vehicle body, for driving a left driven wheel 
(15L, 115L); 

a left brake (1 7L, 1 1 7L), mounted on the vehicle 
body, for braking the left driven wheel; 
a right electric motor (13R, 113R), mounted on 
the vehicle body, for driving a right driven wheel 
(15R, 115R); 

a right brake (17R, 11 7R), mounted on the ve- 
hicle body, for braking the right driven wheel; 
left and right control handles (25L, 112L, 25R, 
112R) extending rearward from the vehicle 
body; 

left and right grips (30L, 1 30L, 30R, 1 30R) pro- 
vided at the ends of the control handles; 
a left speed control lever (23L, 123L), provided 
alongside the left grip, for controlling the left 
electric motor and the left brake; and 
a right speed control lever (23R, 123R), provid- 
ed alongside the right grip, for controlling the 
right electric motor and the right brake. 

2. The electric vehicle of claim 1 , further comprising a 
control unit (24, 1 24) for controlling the left and right 
electric motors, wherein the control unit reads in the 
positions of an accelerator lever (22, 122) and the 
left and right sp ed control I vers (23L, 123L, 23R, 
123R) controlled by an op rator as an accel rator 
angi and a left brake angi and a right brake angle 
and conv rts the acc lerator angle, the left brake 
angle and the right brake angle into an accelerator 
percentage, a left brake percentage and a right 
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brake percentage and obtains a con-ected left brake 
percentage by adjusting th left brake percentage 
for the influence of the right brake percentage and 
by con-ecting the accelerator percentage with this 
corrected left brake percentage obtains a left motor 5 
control value and controls the left electric motor with 
this left motor control value and obtains a con-ected 
right brake percentage by adjusting the right brake 
percentage for the Influence of the left brake per- 
centage and obtains a right motor control value by io 
correcting the accelerator percentage with this cor- 
- rected right brake percentage and co ntrols the right 
electric motor with this right motor control value. 

3. The electric vehicle of claim 2, further comprising is 
utility tools, wherein the utility tools Include an auger 
(135) for displacing snow and a blower (134) for 
ejecting displaced snow. 

4. A transit control method for an electric vehicle hav- 20 
ing left and right electric motors (13L, 113L, 13R, 
113R) for driving left and right driven wheels (15L, 

11 5L, 15R, 115R) and having left and right brakes 
(17L, 11 7L, 17R, 117R) for adjusting the speeds of 
the left and right driven wheels, the method com- 25 
prising the steps of: 

substituting the positions of an accelerator le- 
ver (22, 122) and left and right speed control 
levers (23L, 1 23L, 23R, 1 23R) controlled by an 30 
operator as an accelerator angle, a left brake 
angle and a right brake angle; 
converting the accelerator angle, the left brake 
angle and the right brake angle into an accel- 
erator percentage, a left brake percentage and 35 
Si right brake percentage; 
obtaining a connected left brake percentage by 
adjusting the left brake percentage for the infiu- _ 
ence of the right brake percentage, obtaining a 
left motor control value by correcting the accel- 40 
erator percentage with the con-ected left brake 
percentage, and controlling the left electric mo- 
tor with the left motor control value; and 
obtaining a corrected right brake percentage by 
adjusting the right brake percentage for the in- 45 
fluence of the left brake percentage, obtaining 
a right motor control value by correcting the ac- 
celerator percentage with the corrected right 
brake percentage, and controlling the right 
electric motor with the right motor control value, so 

5. The trans It control method of claim 4, wherein the 
electric vehici further has a utility tool, an ngine 
(131) for driving the utility tool and a clutch (132) 
provided in a power transmission path from the n- 55 
gine to the utility tool; the left motor control value is 
obtained by multiplying a value reached by corr ct- 
ing the accelerator percentage with the connected 



left brake percentage by a correction coefficient 
less than one set in correspondence with a reduc- 
tion of the speed of the engine occurring when the 
clutch is ON; and the right motor control value is 
obtained by multiplying a value reached by connect- 
ing the accelerator percentage with the conrected 
right brake percentage by a connection coefficient 
less than one set in correspondence with a reduc- 
tion of the speed of the engine occurring when the 
clutch Is ON. 

6. The transit control method of claim 5, wherein the 
utility tool Is an auger for displacing snow and a 
blower for ejecting displaced snow. 

7. The transit control method of claim 4, wherein when 
the left and right brake angles are essentially the 
same, the speeds of the left and right electric motors 
are read in and the speed of whichever of the left 
and right electric motors is at the higher speed is 
controlled to the speed of the electric motor at the 
lower speed. 

8. The transit control method of claim 7, wherein when 
the accelerator percentage is written ACC%, the left 
brake percentage is written BKL%, the right brake 
percentage is written BKR%, a coefficient of influ- 
ence on whichever of the left and right electric mo- 
tors Is being considered of the brake percentage 
pertaining to the other electric motor is written p 
(where p<1 ), and the maximum value of the control 
value of each electric motor is written Vmax, then 
the con'ected left brake percentage is 
(BKL%+pxBKR%xACC%). the left motor control 
value TG2L is Vmax x ACC% x 
{1-(BKL%+pxBKR%xACC%)}, the corrected right 
brake percentage is (BKR%+pxBKL%xACC%), 
and the right motor control value TG2R is Vmax x 
ACC% X {1-(BKR%+pxBKL%xACC%)}. 

9. The transit control method of claim 8, wherein the 
electric vehicle further has a utility tool, and the util- 
ity tool Is an auger for displacing snow and a blower 
for ejecting displaced snow. 

10. The transit control method of claim 4, wherein the 
electric vehicle further has a utility tool, an engine 
for driving the utility tool, and a clutch provided in a 
power transmission path from the engine to the util- 
ity tool, and the left and right electric motors are con- 
trolled in accordance with a detected load on th 
engine. 

11 . The transit control method of claim 10, wh rein the 
left motor control valu is obtained by multiplying a 
value reached by correcting th accelerator per- 
centage with the corrected left brake p rcentage by 
a correction coefficient less than one set In corre- 
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spondence with a reduction in th speed of the en- 
gine occurring when the clutch Is ON. and the right 
motor control value Is obtained by multiplying a val- 
ue reached by correcting the accelerator percent- 
age with the corrected right brake percentage by a 5 
correction coefficient less than one set in con^e- 
spondence with a reduction in the speed of the en- 
gine occurring when the clutch is ON. 

12. The transit control method according to claim 11, io 
wherein the utility tool is an auger for displacing 
snow and a blower for ejecting displaced snow. 

13. The transit control method of claim 1 0, wherein the 
left motor control value is obtained by multiplying a 
value reached by connecting the accelerator per- 
centage with the corrected left brake percentage by 
a correction coefficient less than one set in con^e- 
spondence with a reduction in the intake negative 
pressure of the engine occurring when the clutch Is 20 
ON, and the right motor control value Is obtained by 
multiplying a value reached by correcting the accel- 
erator percentage with the corrected right brake 
percentage by a correction coefficient less than one 

set In correspondence with a reduction in the intake 25 
negative pressure of the engine occurring when the 
clutch Is ON. 

1 4. The transit control method of claim 13, wherein the 
utility tool is an auger for displacing snow and a 30 
blower for ejecting displaced snow. 
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